Aims: To determine the visual outcome following initiation of brimonidine therapy in glaucoma. Methods: 16 newly diagnosed previously untreated glaucoma patients were randomly assigned to either timolol 0.5% or brimonidine 0.2%. Visual acuity, contrast sensitivity (CS), visual fields, intraocular pressure (IOP), blood pressure, and heart rate were evaluated at baseline and after 3 months. Results: IOP reduction was similar for both groups (p,0.05). Brimonidine improved CS; in the right eye at 6 and 12 cpd (p = 0.043, p = 0.017); in the left eye at 3 and 12 cpd (p = 0.044, p = 0.046). Timolol reduced CS at 18 cpd in the right eye (p = 0.041). There was no change in any other measured parameters. Conclusion: Glaucoma patients exhibit improved CS on initiation of brimonidine therapy.
I
ncreased intraocular pressure (IOP) is the risk factor most often associated with glaucoma; however, there is strong evidence to suggest that there are pressure independent mechanisms associated with the development of the disease. 1 The optic nerve damage in glaucoma affects contrast sensitivity to a greater extent than visual acuity. 2 3 It has also been shown that contrast sensitivity improves on initiation of ocular hypotensive therapy, either through the use of b blockers 4 or following surgical reduction of IOP. 5 There is accumulating evidence that IOP lowering augmented with other therapeutic strategies limits further neurodegeneration. Drugs with neuroprotective properties are most likely to preserve or even improve visual function on initiation of therapy.
In this study we investigate the hypothesis that glaucoma therapy with brimonidine would provide greater benefit to central visual function than a drug such as timolol, which has similar IOP reducing characteristics, but no known neuroprotective properties.
METHODS
Sixteen newly diagnosed and previously untreated POAG patients were included in the study. Patients were diagnosed as having POAG if on two separate occasions they had IOP greater than 21 mm Hg, glaucomatous cupping of the optic disc, open anterior chamber angles, and glaucomatous visual field (VF) defects by Humphrey visual field analyser (ZeissHumphrey, San Leandro, CA, USA; program 24-2). Ocular exclusion criteria included visual acuity less than 20/30 (0.2 logMAR), IOP .35 mm Hg, non-glaucomatous ocular disease, and media opacities or neurological disorders that could induce VF or contrast sensitivity (CS) defects. Patients were also excluded if they were known to suffer systemic disorders including diabetes mellitus, cardiovascular diseases, or had any recent history of systemic medication that could affect intraocular pressure. The study was conducted in accordance with the tenets of the Declaration of Helsinki and patients provided written informed consent before commencement.
At baseline, patients underwent VF, ETDRS acuity, Goldmann tonometry, BP, and HR measurements. Central CS at 3, 6, 12, and 18 cycles/degree was measured wearing best refraction, using the CSV-1000E Contrast Testing Instrument (VectorVision, Dayton, OH, USA), and using a standardised luminance level of 85 cd/m 2 . To avoid learning effects, 4 two practice trials were conducted before the first baseline measurement and one before each subsequent visit.
Patients were randomised into one of two treatment groups with (a) timolol gel 0.5%, or (b) brimonidine 0.2%. Patients and investigators were masked to the treatment condition. For each patient, two bottles of the drug were provided, one for the morning and one for the evening dosage. For the timolol treatment group, the evening dosage was a vehicle placebo. Patients returned after 3 months to be tested for IOP, CS, VF, BP, and HR.
The pre-treatment and post-treatment differences in IOP, CS, VF, BP, and HR for the two study groups were assessed using repeated measures analysis of variance (REANOVA). A p value of less than 0.05 was considered statistically significant.
RESULTS
At baseline, the groups were similar for age, IOP, VF mean deviation, systemic BP, and HR; visual acuity was slightly worse in the left eye of the timolol treated group (p = 0.044) ( Table 1) . The IOP reduction after 3 months of treatment was statistically significant and similar in both study groups (Fig 1) .
After 3 months of treatment there was a significant improvement in contrast sensitivity in the brimonidine treated group; for 6 and 12 cycles/degree in the right eye (p = 0.043; p = 0.017 respectively), and for the 3 and 12 cycles/degree in the left eye (p = 0.044; p = 0.046 respectively). In contrast, the timolol treated group demonstrated a significant decrease in contrast sensitivity in the RE at 18 cycles/degree (p = 0.041) and no other change. These effects are summarised in Figure 1 . There was no change in VF, BP, or HR after 3 months of treatment (p.0.05).
DISCUSSION
In this study, contrast sensitivity improved after 3 months of treatment with brimonidine 0.2%, while timolol therapy resulted in no improvement but some deterioration in CS. The IOP lowering effects of the two drugs were similar, suggesting an IOP independent mechanism for the visual outcome.
During a disease process, subpopulations of cells may be dead, dying, or healthy depending on the degree and duration of the disease. It is likely that improvements in function such as those reported here, and previously, 4 5 could be the result of recovery of function in dying cells that return to a healthier status following treatment. This is not to suggest that improvements are progressive, but most likely a stepped response to the onset of therapy.
The density of ganglion cells is around 70-fold greater in the central 3 degrees than that at 20 degrees eccentricity where a nasal step VF defect typically appears. 6 This high density of retinal ganglion cells in central vision may result in oversampling or visual redundancy, during most visual function investigations and a relatively late detection of defects in the central visual field. Contrast sensitivity is a more sensitive test enabling subtle defects or improvements to be detected centrally in the early stages of disease. Any visual improvement in the neurological functioning of the retinal ganglion cells would be demonstrated only where test variability was extremely low, such as in central vision. Investigations of visual function that combine low variability and a low sampling density are most likely to demonstrate any subtle functional improvements, as shown in this study.
Brimonidine has a known neuroprotective effect, probably linked to the alpha-2 receptor and its signalling pathway. [7] [8] [9] Alpha-2 receptors are present in the retina, 10 and alpha-2 agonists such as brimonidine have exhibited neuroprotective properties following crush injury, 11 pressure induced retinal ischaemia 12 and chronic elevation of intraocular pressure. 13 Recently, WoldeMussie, et al 14 demonstrated a dose dependent reduction in progression of retinal ganglion cell loss following administration of brimonidine which was not present using timolol, and not linked to IOP lowering effects.
Treatment related perfusion changes unrelated to IOP affect contrast sensitivity. 15 16 Blood velocity in the ophthalmic artery is highly correlated with changes in contrast sensitivity in normal tension glaucoma patients following treatment with nifedipine. 17 However, no such association has been found in POAG patients treated with either timolol Figure 1 Graphs showing the baseline findings and 3 month posttreatment data for patients treated with brimonidine 0.2% (solid lines) and timolol 0.5% (broken lines) for the right eye (above) and left eye (below). Data shown (from left to right) include the IOP (mm Hg), and CS at 3, 6, 12, and 18 cpd. Where significant change occurred the p value is shown; NS = not significant. or brimonidine 15 and an alternative, possibly neuroprotective, mechanism for the improvement in contrast sensitivity following treatment with brimonidine should be considered.
These data clearly demonstrate that CS improves on initiation of brimonidine therapy in glaucoma. This finding does not appear to be related to IOP lowering effects but rather may be linked to the neuroprotective capabilities of this therapy.
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